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SUMMARY 

In  general#  the  problem  of  erosion  of  materials  can  be 
divided  into  two  categories.  One  is  the  understanding  of  the 
threshold  for  each  material  wherein  the  impact  stresses  reach  a 
limiting  value  Just  sufficient  to  initiate  detectable  erosion 
either  at  the  first  blow  or  after  repetitive  blows.  Evidence 
is  presented  to  show  that  the  dynamic  yield  strength  of  a  ma¬ 
terial  controls  the  threshold  for  the  single  impact;  whereas# 
the  endurance  limit  is  the  important  property  representing  the 
threshold  in  the  multiple  impact  case. 

The  second  problem  is  the  prediction  of  the  amount  of  dam¬ 
age  if  the  erosive  forces  are  above  the  threshold  for  the  ma¬ 
terial.  The  designer  needs  some  numerical  value  of  a  property 
that  governs  the  volume  of  erosion  of  a  material.  As  of  now# 
there  is  r.o  single  property  that  can  be  used  for  this  purpose# 
Just  as  we  use  various  properties  of  materials  to  represent 
their  response  to  static,  fatigue  and  creep  loadings.  A  recent 
suggestion  to  use  the  strain  energy  of  the  material#  as  given 
by  the  area  of  the  stress -strain  diagram  from  a  simple  tensile 
test#  for  this  purpose  has  a  few  limitations  such  as  strain 
rate  effects,  environmental  effects  (e.g.  temperature  and  cor¬ 
rosion)  and  the  scarcity  of  stress -strain  data  under  these  con¬ 
ditions.  In  order  to  overcome  these  limitations#  a  new  concept 
Known  as  erosion  strength  is  introduced#  and  it  is  defined  as 
the  energy  absorbed  per  unit  volume  of  material  up  to  fracture 
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under  the  action  of  the  erosive  forces  in  various  environments. 

The  methods  to  determine  the  erosion  strength  from  an  erosion 
test  are  outlined. 

If  accepted  by  the  engineering  profession,  the  concept  of 
erosion  strength  would  take  a  place  among  the  other  mechanical 
properties  of  materials  such  as  ;\ield  strength,  ultimate  strength, 
fatigue  strength,  creep  strength,  hardness,  corrosion  fatigue, 
etc. 


INTRODUCTION 

The  word  "erosion”  from  the  Greek  "erodere"  —  to  gnaw 
away  —  generally  means  the  surface  destruction  and  removal  of 
material  by  external  mechanical  forces.  In  the  majority  of  prac¬ 
tical  cases,  these  forcos  are  in  the  form  of  multiple  impacts  pro¬ 
duced  by  the  dynamic  impingement  of  a  liquid  on  a  solid  surface 
or  of  a  solid  on  another  solid  surface.  Numerous  examples  may 
be  cited  where  such  phenomena  are  Important.  For  example: 

(l)  Cavitation  damage  of  hydrodynamic  systems  such 
as  hydraulic  turbines,  ship  propellers,  valves,  etc., 

(ii)  Erosion  of  steam  turbine  blades  due  to  the  im¬ 
pact  of  condensed  liquid  droplets, 

(ill)  Erosion  of  aircraft  structures  as  a  result  of 
collisions  with  rain  drops. 

(iv)  Sand  erosion  of  water  curbines  and  other  con¬ 
trol  devices,  and 

(v)  Erosion  of  space  vehicles  as  a  result  of  Impacts 


with  meteor! tea. 
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In  all  of  these  erosion  problems,  one  of  the  important 
aspects  is  the  prediction  of  the  material  response  to  a  given 
set  of  input  conditions  such  as  the  collapse  of  a  bubble  on  or 
near  the  surface,  the  Impingement  of  a  liquid  drop  or  Jet,  the 
impact  of  a  solid  particle.  In  general,  the  Impact  energy  of 
the  input  system  will  produce  on  the  material  one  of  the  fol¬ 
lowing  effects  depending  upon  the  intensity  of  Impact  and  the 
number  of  repetitions,  (See  Figure  l): 

(i)  There  may  not  be  any  permanent  deformation; 

(ii)  The  material  may  deform  after  a  certain  number 
of  repetitive  Impacts; 

(ill)  A  permanent  deformation  may  develop  at  the  on¬ 
set  of  the  first  blow;  and 

( 1 v )  It  may  plastically  flow  on  the  first  blow  it¬ 
self  or  after  a  certain  number  of  repetitions  as  a  result  of 
high  strain  rates. 

Based  on  these  arguments,  one  can  arrive  at  two  types  of 
problems.  The  first  one  is  the  understanding  of  the  threshold 
conditions  wherein  the  impact  stresses  reach  a  limiting  value 
Just  sufficient  to  initiate  detectable  erosion  either  at  the 
first  blow  or  after  repetitive  blows.  The  seeond  case  is  the 
prediction  of  the  amount  of  damage  if  the  erosive  forces  are 
above  the  threshold  for  the  material.  It  is  the  aim  of  moat  or 
the  invaatlgationa  to  provide  the  designer  with  numerically  ex¬ 
pressed  properties  to  represent  the  behavior  of  the  materials 
under  the  above  two  cases.  The  property  (or  properties)  that 
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control  the  threshold  conditions,  wherein  the  criterion  is  the 
observable  yielding  of  the  material,  need  not  be  the  same  as 
the  property  that  represents  the  volume  of  erosion  of  a  material 
wherein  the  material  is  being  fractured  and  removed  from  the  sur¬ 
face.  It  is  the  purpose  of  this  report  to  discuss  these  two  cases 
in  the  light  of  some  of  the  results  obtained  in  our  laboratory  in 
connection  with  cavitation  erosion  as  well  as  those  published  in 
the  literature . 

It  Is  found  that  the  dynamic  yield  strength  and  the  endur¬ 
ance  limit  are  the  two  properties  controlling  the  threshold  con¬ 
ditions  due  to  single  impact  and  multiple  impacts,  respectively. 
However,  the  volume  of  erosion  when  the  erosive  forces  are  above 
this  threshold,  is  controlled  by  some  property  of  the  material 
that  represents  the  energy  absorbing  capacity  of  the  material. 
Recent  attempts  (1,2)  to  correlate  the  strain  energy  of  the  ma¬ 
terial  from  the  simple  tensile  test  are  handicapped  by  a  few 
limitations  such  as  strain  rate  effects,  environmental  effects 
and  the  scarcity  of  the  stress -strain  data  under  these  condi¬ 
tions.  To  overcome  these  difficulties,  the  concept  of  erosion 
strength  is  introduced  with  methods  of  determining  this  erosion 
strength  from  an  erosion  test.  In  mary  practical  cases,  the 
erosion  forces  may  be  assisted  by  environmental  effects  sueh  as 
corrosion,  embrittlement,  temperature,  etc.,  and  the  methods  to 
determine  the  erosion  strength  under  these  conditions  are  also 
outlined. 


A 


HYDRONAUTICS,  Incorporated 


-5- 


THRESHOLD  CRITERIA 

It  is  becoming  increasingly  common  to  observe  a  threshold 
parameter  such  as  the  threshold  intensity  of  cavitation  damage, 
the  threshold  amplitude  of  oscillation,  the  threshold  velocity 
of  flow,  the  thresnold  impact  velocity  etc.,  in  erosion  problems 
such  as  cavitation  damage,  turbine  blade  erosion,  rain  erosion, 
Jet  or  drop  impact  erosion.  When  a  cylindrical  column  of  liquid 
impinges  on  the  surface  of  a  material,  the  maximum  pressure 
(generally  known  as  the  "water  hammer"  pressure)  developed  by 
the  impact  is  given  by  de  Haller  (see  for  example  Reference  3) 
as 


where 


Uj  is  the  impact  velocity, 

pj  is  the  density  of  liquid, 

p  is  the  density  of  material, 

Cj  is  the  velocity  of  sound  in  liquid,  and 

C  is  the  velocity  of  sound  in  the  material. 


For  moat  practical  cases  of  liquids  and  materials  involved,  the 
ratio  of  PjCj/PgC^  ia  small  and  this  term  may  be  neglected. 

Then  the  water  hammer  preaaure  becomes 
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P  -  PiC/Uj  t  2] 

Such  an  estimate  for  a  spherical  liquid  drop  colliding  with  a 
solid  surface  has  been  given  by  Engel  (4)  as 

r  -  f  P/^Uj  [3] 

where  a  is  a  factor  tending  to  unity  at  high  velocities;  the 
factor  1/2  is  due  to  the  spherical  shape  of  the  drop. 

Experiments  by  Brunton  (6,8)  show  that  the  measured  values 
of  the  pressures  closely  agree  with  the  values  predicted  by  the 
water  hammer  equations. 

The  threshold  criterion  for  the  case  when  a  drop  makes 
a  single  Impact  on  a  metal  would  be  that  the  water  hammer  pres¬ 
sure  should  exceed  the  dynamic  yield  strength  of  material  pro¬ 
ducing  a  detectable  permanent  deformation  (9).  It  may  be  mathe¬ 
matically  stated  aa 


where  Y^  is  the  dynamic  yield  strength  of  the  material.  How¬ 
ever*  in  practice,  the  material  deformation  starts  after  re¬ 
peated  multiple  impacts.  In  such  a  case,  ir  we  assume  that  the 
significant  material  property  would  be  the  endurance  limit  of 
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the  material,  then  the  threshold  criterion  is  modified  as 


o 


e 


2 


(51 


where 

a  is  the  endurance  limit, 
e 

There  are  a  few  published  data  for  multiple  impact  of 
water  drops  on  metals  (5,7)  and  the  results  are  summarized  in 
Table  1.  These  data  seem  to  check  well  with  the  criterion  given 
by  Equation  (5)  which  states  that  the  endurance  limit  of  the 
metal  is  the  property  controlling  the  threshold. 

Even  in  cavitation  damage,  the  threshold  is  characterized 
by  the  endurance  limit  of  the  metal3  (1,13).  Earlier  experi¬ 
ments  (l)  with  a  two-dimensional  water  tunnel  and  with  a  rota¬ 
ting  disc  apparatus  showed  that  the  threshold  velocity  of  flow 
depended  upon  tne  endurance  limit  of  metals.  Recent  experiments 
with  a  magnetostriction  oscillator  producing  cavitation  on  an 
oscillating  piston  also  showed  that  the  endurance  limit  of 
metals  controls  the  threshold  Intensity  of  cavitation  dajgage 
(13). 

There  are  no  similar  experiments  to  verify  whether  the 
threshold  conditions  In  solld-to-solid-erosion  problems  such  as 
sand  erosion,  also  are  represented  by  the  endurance  limit  of  the 
materials.  However,  Leith  and  McIIouhara  (14)  report  that  sand 
erosion  can  be  correlated  with  cavitation  damage  erosion. 
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While  the  foregoing  discussion  tends  to  establish  the  en¬ 
durance  limit  as  the  sole  material  property  controlling  the 
threshold  conditions  in  a  multiple  impact  test,  there  is  a  dif¬ 
fering  point  of  view  wherein  the  modulus  of  elasticity  also 
would  become  important.  Engel  (15)  gives  the  following  relation¬ 
ship  for  the  threshold  velocity  of  a  liquid  drop  to  produce  a 
dent  in  the  metal: 


.  *9  V2/  +  ZJ 

-I  !p.c  2  s)* 

'rl  m  m  ' 


where 

z^  »  liquid, 

z  «  p  C  of  material, 
m  rm  m 

Equation  [6]  can  be  rewritten  in  the  form 


U, 


19  Yj 

T7 


m 


Since 


C 

m 


[6] 


[7 


E  is  the  modulus  of  elasticity  cf  the  material. 

m 


where 
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For  multiple  impacts  of  drops,  Y^  can  be  replaced  by  the  en¬ 
durance  limit  (as  before),  giving 


U 


I 


19  a. 


pi  E* 

ri  m 


[8] 


Now  the  threshold  criterion  would  become  as 


o 

e 


U_  p  *  E  * 
I  rl  m 


0.05 


[91 


It  is  interesting  to  study  the  relationships  (5)  and  (9).  While 
Engel  finds  the  relationship  (6)  to  hold  good  for  11CO  alumi¬ 
num,  the  data  shown  in  Table  1  dc  not  agree  with  the  value  of 
0.05  in  Equation  [9].  This  discrepancy  brings  forth  the  neces¬ 
sity  to  conduct  more  Investigations  and  to  verify  whether  the 
modulus  of  the  material  Is  really  an  Important  parameter  as 
shown  by  Equation  [  9)  • 

NECESSITY  FOR  THE  CONCERT  OP  EROSION  STRENGTH 

So  far  the  discussion  was  confined  to  the  threshold  con¬ 
ditions  at  which  the  materials  start  damaging  and  their  relation 
ship  to  dynamic  yield  strength,  and  endurance  limit  (including 
modulus  of  elasticity).  It  was  also  pointed  out  that  there  are 
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some  misgivings  about  the  significance  of  the  modulus  of  elas 
ticity.  Once  this  question  is  resolved,  the  easiest  design  ap¬ 
proach  would  be  to  determine  the  threshold  values  and  use  the 
proper  materials.  However,  it  is  not  always  possible  to  limit 
the  designs  to  the  threshold  conditions.  Practical  and  economic 
considerations  may  warrant  a  design  which  we  may  have  to  live 
with  some  erosion  in  a  given  material  and  predict  the  life  of 
the  system.  In  this  case,  it  is  essential  to  know  the  property 
of  the  material  that  controls  the  volume  that  is  eroded  in  a 
given  time. 

There  have  been  several  attempts  to  correlate  the  resis¬ 
tance  of  a  material  to  erosion  with  any  one  of  its  known  me¬ 
chanical  properties  such  as  yield  strength,  ultimate  strength, 
hardness  etc.,  without  much  success.  The  evidence  f*or  this 
statement  may  be  found  in  Reference  16  for  cavitation  damage 
and.  (5,7)  for  drop  impact  erosion.  This  situation  led  to  a 
premise  [to  quote  from  Peterson  (17)1  that  "it  Is  not  possible 
to  provide  the  designer  with  numerically  expressed  'properties' 
which  can  be  fed  into  formulas  for  proportioning  parts,  as  one 
can  do  for  static,  fatigue  and  creep  loadings".  Qualitative 
and  comparative  screening  teats  led  to  a  duplication  of  efforts 
in  addition  to  confusing  the  problems  Involved. 

Recent  analysis  (1,2)  in  connection  with  cavitation  dam¬ 
age  pointed  out  that  the  property  correlated  should  represent 
the  energy  absorbing  capacity  of  the  material  up  to  fracture. 
Available  experimental  results  showed  that  the  straits  energy  of 
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a  material  up  to  fracture  as  given  by  the  area  of  the  stress- 
strain  diagram  represents  the  erosion  resistance  as  far  as 
cavitation  damage  is  concerned.  However,  there  are  a  few  gen¬ 
uine  limitations  to  this  approach  namely: 

(i)  The  strain  rate  effects.  The  strain  energy 
values  used  for  these  correlations  were  obtained  at  relatively 
low  strain  rates;  whereas,  the  erosion  phenomena  generally  takes 
place  at  high  strain  rates.  This  effect  could  become  very  im¬ 
portant  for  strain  rate  sensitive  materials. 

( ! i )  The  mode  of  stressing  in  erosion  Is  radically 
different  from  the  simple  tensile  test. 

(ill)  The  environmental  effects  such  as  corrosion, 
high  temperature,  vacuum,  low  temperature  and  embrittlement  can 
not  be  quantitatively  reproduced  in  the  strain  energy  measured 
from  a  simple  test. 

(iv)  Above  all,  the  availability  of  the  stress-strain 
data  up  to  fracture  under  these  conditions  Itself  Is  a  great 
limitation.  This  is  mainly  because  the  strain  energy  Itself  is 
not  a  commonly  used  material  property.  However,  its  importance 
is  being  increasingly  felt  as  the  understanding  of  fracture 
mechanics  progresses. 

In  order  to  overcome  these  limitations,  the  concept  of 
erosion  strength  is  Introduced.  Just  as  yield  strength,  ulti¬ 
mate  strength,  fatigue  strength,  all  define  a  certain  physical 
state  and  behavior  of  the  materials,  the  erosion  strength  is 
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spec  i  ft  cal  ly  defined  to  represent  the  erosion  resistance  of 
materials.  It  Is  hoped  that  this  direct  approach  would  lead  to 
a  more  generalized  understanding  of  the  phenomenon  of  erosion  as 
a  whole. 


DEFINITION  OF  ERC3I0N  STRENGTH 

During  the  process  of  erosion,  a  certain  volume  of  material 
is  fractured  from  the  surface  of  the  parent  material  as  a  re¬ 
sult  of  the  work  done  by  the  external  forces.  The  energy  ab¬ 
sorbed  by  the  volume  of  the  material  fractured  is  given  by 


E  -  AV-S  [10] 

a  e 

where 

Se  is  defined  as  the  erosion  strength  which 

represents  the  energy  absorbing  capacity  of  the 
material  per  unit  volume  under  the  action  of  the 
erosive  forces, 

AV  is  the  volume  cf  mater  Isa  eroded,  sr.d 

E  is  the  energy  absorbed  by  the  material  eroded. 

ft 

The  measurement  of  AV  in  a  laboratory  experiment  is  not  very 
difficult.  If  we  can  devise  a  method  by  whieh  we  can  accurately 
determine  the  energy  absorbed  by  the  material  under  the  action 
of  erosive  forces,  then  the  erosion  strength  as  defined  here 
can  easily  be  determined. 
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DETERMINATION  OP  EROSION  STRENGTH 

The  logic  behind  the  method  of  determination  of  erosion 
strength  will  be  developed  by  illustrating  the  specific  case 
of  cavitation  damage.  In  this  case,  the  eroding  forces  are 
caused  by  the  collapse  of  cavitation  bubbles  near  the  material 
surface.  Recent  experiments  show  that  the  rate  of  volume  loss 
is  inversely  proportional  to  the  strain  energy  of  the  material 
for  a  group  of  materials  (2)  as  shown  in  Figure  2.  For  five 
metals  in  this  group,  the  strain  rate  effects  are  shown  to  be 
not  very  important  in  the  experimental  investigations  on  the 
high  frequency  fatigue  of  these  metals  (l8).  These  experiments 
were  carried  out  in  a  magnetostriction  apparatus  at  14  kcs  as 
described  in  Reference  19.  It  is  known  that  both  in  cavitation 
damage  tests  and  In  liquid  impact  tests  (19.20  and  7),  the  rate 
of  damage  Is  time  dependent  in  the  initial  "zones  of  damage", 
and  it  finally  reaches  a  steady  state.  Successful  correlations 
have  been  obtained  only  in  the  steady  state  zone. 

If  one  defines  the  intensity  of  erosion  as  the  power  ab¬ 
sorbed  by  the  material  per 
given  by 


unit  area  then  the  intensity  I  is 


AV  Se 


i  s 


e 


[111 
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where 

A  Is  the  area  of  erosion, 
e 

t  is  the  test  duration,  and 
i  is  the  average  depth  of  erosion. 

In  our  cavitation  erosion  test,  the  relationship  between 
the  rate  of  erosion  and  the  amplitude  of  vibration  is  ob¬ 
tained  as  shown  in  Figure  3  (21).  The  intensity  of  erosion  was 
calculated  by  assuming  that  the  erosion  strength  is  identically 
the  same  as  the  strain  energy  for  the  group  of  materials  shown 
in  Figure  2.  The  correlation  shown  in  this  figure  provides  the 
Justification  for  the  above  assumption.  Furthermore,  the  high 
frequency  fatigue  tests  mentioned  earlier  show  that  the  materials 
such  as  316  stainless  steel,  monel,  tobln  bronze,  2024  aluminum 
and  1100  aluminum  do  not  exhibit  significant  effects  of  strain 
rates  (18).  The  same  group  of  materials  (or  Ju3t  one  among  this 
group)  may  be  used  to  determine  the  intensity  of  erosion  of  a 
given  test  device  under  a  set  of  test  conditions.  We  may  call 
this  procedure  the  calibration  of  the  test  device  wherein  we  ob¬ 
tain  the  numerical  value  of  the  intensity  of  erosion  of  the  test 
device.  Once  such  a  calibration  is  accomplished,  the  erosion 
strength  of  any  material  may  be  experimentally  determined  by 
measuring  the  rate  of  depth  of  erosion  with  this  calibrated  test 
device  from  Equation  til]. 

This  procedure  is  feasible  with  any  type  of  erosion  whether 
it  is  cavitation,  liquid  impact  or  solid  impact  erosion.  It  may 
even  be  extended  to  wear  of  materials  due  to  friction. 
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ENVIRONMENTAL  EFFECTS  ON  EROSION  STRENGTH 

It  is  realized  that  the  erosion  strength  will  be  affected 
by  various  environments  such  as  corrosion,  temperature,  and 
vacuum  Just  as  other  strengths  like  fatigue,  creep,  yield,  and 
ultimate  strengths  are  affected  by  these  environments.  The  main 
problem  In  such  cases  is  the  determination  of  the  intensity  of 
erosion  caused  by  the  erosive  forces  from  the  purely  mechanical 
point  of  view.  Once  this  value  is  known,  then  the  measurement 
of  the  rate  of  depth  of  erosion  will  give  the  erosion  strength 
in  that  environment  taking  into  account  the  environmental  effects. 

In  the  following  example,  the  procedure  adopted  to  deter¬ 
mine  the  erosion  strength  of  materials  under  cavitation  in  NaCl 
solutions  is  Illustrated.  Figure  3  shows  the  results  of  erosion 
tests  In  a  magnetostriction  oscillator  using  different  concentra¬ 
tions  of  NaCl  including  distilled  water  (zero  concentration)(21 ). 
Prom  these  data  one  can  infer  that  the  intensity  of  cavitation 
damage  is  not  affected  by  the  concentration  of  NaCl  up  to  9  per¬ 
cent  and  it  Is  the  same  as  in  distilled  water.  If  we  use  a 
steel  specimen  Instead  of  aluminum  in  the  same  experiment  using 
3  percent  NaCl  solution,  the  erosion  Increases  three  fold  as  com¬ 
pared  to  distilled  water  (Table  2,  (21)).  The  erosion  strength 
is  reduced  to  one  third  of  that  in  distilled  water.  It  is  in¬ 
teresting  to  compare  this  result  with  the  corrosion  fatigue 
data  obtained  at  the  same  frequency  in  3  percent  NaCl  solution 
as  shown  in  Pigure  A  (18). 
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The  same  approach  may  be  extended  to  other  environments 
and  liquids.  Another  interesting  case  is  the  determination  of 
the  cavitation  erosion  strength  of  materials  in  high  temperature 
liquid  sodium  (22,23).  The  strain  energy  value  of  316  stainless 
steel  at  the  test  temperature  was  useu  to  estimate  the  intensity 
of  erosion.  The  erosion  strength  of  other  metals  for  which  even 
the  simple  tensile  properties  are  scarce  in  these  environments 
may  easily  be  determined  by  this  method. 

CONCLUSIONS 

While  the  threshold  conditions  of  erosion  may  be  correlated 
to  existing  properties  such  as  dynamic  yield  strength  and  en¬ 
durance  limit,  there  is  no  common  property  that  can  be  used  for 
predicting  the  volume  of  the  material  eroded  due  to  fracture  of 
material  from  Its  surface.  Recent  suggestions  to  use  the  strain 
energy  of  the  material  have  a  few  limitations  such  as  strain 
rate  effects,  environmental  effects  and  availability  of  strain 
energy  values.  The  concept  of  erosion  strength  Is  Introduced 
specifically  to  overcome  these  limitations  and  to  provide  the 
designer  with  some  numerically  expressed  property  for  designing 
erosion  resistant  structures.  The  methods  to  determine  the 
erosion  strength  in  various  environments  are  outlined.  Although 
the  examples  used  for  the  discussion  mostly  pertain  to  cavita¬ 
tion  erosion,  it  is  believed  that  these  methods  can  be  equally 
applied  to  an}  type  of  erosion  tests  Involving  liquid  and  solid 
impact  phenomena. 
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Erosion  Strength  of  1020  Steel  in  NaCl  Solution 
(Data  from  Reference  21  are  used; 
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FIGURE  4  -  HIGH  FREQUENCY  CORROSION  FATIGUE  OF  SAE  1020  STEEL 


UNCLASSIFIED 


Security  Classification 


DOCUMENT  CONTROL  DATA  •  R&D 

(Steurllr  «f  II  lit,  body  ot  abatracl  an4  annotation  mil  ba  wlirttf  aSlar i  St  art  ml  I  rtpon  It  cltttllltd) 


1  N*NONT  TITLf 

THE  CONCEPT  OF  EROSION  STRENGTH 


•  ONIGINAT1MG  ACTIVITY  fCoipotmtt  author)  12#  nt^OAT  SKCUAlTV  C  LAStIFICATIQN 

HYDRONAUTICS,  Incorporated  j  Unclassified 

Pindell  School  Road,  Howard  County, 

Laurel.  Maryland  _  _ 


Its  «noun 


4  OO'.NINTIV*  NOW  (Trpt  at  n  pan  an3  Inch mn  Salat  I 

Technical  Report 


t  AuTNOWI)  'Ltai  ntma  Uni  Mm.  Initial) 

Thiruvengadam,  A. 


4  SC  SO  NT  DATS 

December  196F 


•  •  CONTRACT  on  CRANT  NO 

Nonr-37e55(FO)(FBM) 

*  RROJI  CT  NO 


Technical  Report  233-9 

9*  wo (t)  (Any  slNsr  numAstt  Ari  m/  9#  MK#iW 


10  ivaclanility/limitation  noticcs 

Qualified  requesters  may  obtain 

.  copies  of  this  report  from  DDC. 

II  1UMNLKMCNTANV  NOTtl 

|  12  teONSONINO  MILITANT  ACTIVITY 

Office  of  Naval  Research 

Department  of  the  Navy 

1]  A  AS  TRAC  T  1 

The  designer  needs  some  numerical  value  of  a  property  that 
represents  the  erosion  resistance  of  a  material  As  of  now,  there 
is  no  single  property  <,hat  can  be  used  for  this  purpose  Just  as  we 
use  various  properties  to  represent  static,  fatigue  and  creep  load¬ 
ings.  Recent  suggestions  to  use  the  strain  energy  of  the  material 
as  given  by  the  area  of  the  stres3-strain  diagram  from  a  simple  ten¬ 
sile  test  for  this  ourpose  have  a  few  limitations  such  as  strain 
rate  effects,  environmental  effects  (temperature  and  corrosion)  and 
the  scarcity  of  stress -strain  data  under  these  conditions.  In  order 
to  overcome  these  limitations,  a  new  concept  known  as  erosion 
strength  is  introduced  and  it  is  defined  as  the  energy  absorbed  by 
the  unit  volume  of  a  material  up  to  Tracture  under  the  action  of 
the  erosive  forces  in  various  environments .  The  methods  to  determine 
the  erosion  strength  from  an  erosion  test  are  outlined. 
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